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CRANKSHAFT GEAR TORSIONAL 
VIBRATION ISOLATOR ASSEMBLY FOR AN 

ENGINE 

This application is a continuation-in-part application of 
Ser. No. 08/662,319, now abandoned, filed Jun. 13, 1996. 

TECHNICAL FIELD 

The present invention relates to a crankshaft gear tor 
Sional vibration isolator assembly for effectively minimizing 
the torsional vibrations transferred from a crankshaft to the 
crank gear and associated driven gear train by resiliently 
connecting the crank gear to the crankshaft. 

BACKGROUND OF THE INVENTION 

In internal combustion engines, an engine crankshaft is 
the primary Source of torsional load. A crank gear is typi 
cally mounted on one end of the crankshaft for driving the 
engine gear train which includes the cam gear and camshaft 
among other gear driven elements. Throughout operation of 
the engine, the torque applied to the crankshaft varies due to, 
for example, the periodic firing of the engine's cylinders, the 
engagement and disengagement of driven elements Such as 
a transmission, and the Starting, Stopping and variations in 
the Speed of rotation of the crankshaft. These torque varia 
tions create torsional vibrations which may be transferred to 
the gear train of the engine often undesirably causing 
increased noise, premature engine wear and thus reduced 
gear life and possibly engine failure. In addition, Since the 
engine drive gear train is used to drive engine components 
which are critical to proper engine operation, torsional 
Vibrations transmitted through the gear train may adversely 
affect engine operation, Such as the accuracy of fuel injec 
tion timing. 
Many torsional variation absorbing or damping devices 

have been developed and used in different locations through 
out an engine. It is well known to use a damper connected 
to one end of the crankshaft So as to rotate with the shaft for 
damping torsional vibrations generated by the crankshaft. 
Many of these damperS are tuned to approximately the first 
torsional natural frequency of the crankshaft to provide 
optimum damping at the natural frequency. Untuned 
dampers, Such as Viscous dampers, have an effect at all 
frequencies, but they provide the greatest reduction in crank 
torsional vibrations at the crank natural frequency. When the 
engine operating conditions, i.e. firing frequency or a har 
monic of firing frequency, coincides with the natural fre 
quency of the crankshaft, a resonance effect may be created 
which increases the amplitude of the torsional vibrations 
thus increasing the likelihood of damage to the crankshaft 
and other engine components and gears driven by the 
crankshaft. For example, U.S. Pat. Nos. 1,913,803; 2,926, 
546; 4,172,510 and 5,188,002; French Patent No. 1,049,924; 
German Ref. No. 2115099; and U.K. Patent Application No. 
2173879 all disclose various types of torsional vibration 
damperS mounted on a Shaft including tuned rubber dampers 
and Viscous type dampers. 

Another manner of reducing torsional vibrations in an 
engine drive train is to use a coupling between a cam gear 
and the camshaft. For example, U.S. Pat. No. 5,017,178 
discloses a resilient coupling apparatus for connecting a ring 
gear to a camshaft. The coupling includes Sets of Spring 
biased pistons Spaced circumferentially around a plate mem 
ber and mounted in respective bores. Lubrication fluid in the 
respective bores becomes trapped upon movement of the 
pistons to Viscously dampen the pistons and thus dampen the 
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2 
varying loads transferred to the camshaft from the ring gear 
or Vice versa. However, the use of Springs, pistons and a 
lubrication circuit integrated into a gear connection creates 
an excessively complex and costly device. Moreover, this 
device only provides a resilient connection between a cam 
shaft and a ring gear which is driven by a timing gear 
mounted on a crankshaft and thus only dampens vibrations 
between these gears. As a result, torsional vibrations gen 
erated by the crankshaft will be transmitted to the timing 
gear and any other gears driven by the crankshaft and the 
timing gear, causing adverse effects Such as increased noise 
and reduced gear life. 

Various torque transmitting couplings capable of damping 
vibrations have been developed. For instance, U.K. Patent 
Publication No. 2153489 discloses a torsion absorber device 
for a friction clutch of a motor vehicle transmission which 
includes coil spring resilient devices for permitting relative 
movement between two parallel coaxially mounted diskS. 
The absorber also includes an elastic member or rubber 
block positioned in an axial groove formed by complemen 
tary recesses in the outer Surface of a hub and the inner 
Surface of one of the disks mounted on the hub. The rubber 
block is designed to absorb Vibrations transmitted through 
the connection. However, during compression, one half of 
the rubber block is subjected to a force in a first direction 
while an opposing force acts Solely on the other half of the 
block. Therefore, this block is subject to high levels of shear 
force resulting in rapid block wear and possible failure over 
time. Also, the hub teeth contact the disk directly to provide 
an unabsorbed connection between the hub and the disk and 
therefore this elastic block connection does not provide a 
dampening connection during all engine operating condi 
tions. In addition, this coupling does not resiliently couple a 
crank gear to an engine crankshaft and therefore does not 
prevent crankshaft induced torsional vibrations from reach 
ing an engine drive train. 

Russian Patent Publication No. 591637 discloses a shock 
absorbing torque transmission coupling for connecting two 
shafts positioned end-to-end which includes a central Shaft 
having radial Vanes extending into respective recesses 
formed in an Outer coupling Surrounding the central Shaft. 
Resilient elements in the form of bellows filled with a 
rubber-like Substance are positioned on both Sides of each 
vane between the vane and the recess wall. The bellows 
function to damp torque vibrations between the connected 
shafts. U.S. Pat. Nos. 2,012,012 and 2,446,942 disclose 
Similar devices using rubber elements positioned between 
engaging portions of two couplings to eliminate torsional 
vibration in the shafts. However, the dampeners disclosed in 
these references do not resiliently couple a crank gear to an 
engine crankshaft and therefore does not prevent crankshaft 
induced torsional vibrations from reaching an engine drive 
train. 
German Patent Publication Nos. 837,343 and 536,684 

each appear to disclose torsional vibration damperS or 
resilient couplings for connecting two coaxial Shafts wherein 
extensions formed on one shaft engage unsupported resilient 
webs attached to the other shaft. However, these devices rely 
on the unsupported portion of the resilient elements to 
transmit the rotative force to the other shaft thus placing a 
large bending forces on the elements in high load conditions. 
AS a result, the resilient elements are likely to be prone to 
excessive wear and possibly failure rendering the coupling 
inoperable. Moreover, this design relies on the connection of 
the resilient elements to one of the shafts resulting in 
increased assembly costs and possible disengagement and 
thus failure of the coupling. In addition, these couplings do 



5,931,052 
3 

not resiliently couple a crank gear to an engine crankshaft 
and thus do not function to minimize the torsional vibrations 
in crank gear and associated drive train. 

U.S. Pat. No. 4,834,041 to Valev discloses a resilient 
coupling connecting an auxiliary drive Shaft to one end of a 
crankshaft. The auxiliary drive shaft is used to drive various 
auxiliary devices Such as a generator, a water pump or a fan. 
Valev also appears to disclose the use of a torsional damper 
mounted on the end of the crankshaft. However, the auxil 
iary drive does not drive engine components critical to 
engine operation, Such as fuel injectors and therefore, the 
resilient coupling does not function to minimize torsional 
Vibrations to ensure proper engine operation, Such as fuel 
injection timing. In addition, this coupling does not resil 
iently couple a gear to an engine crankshaft and thus does 
not reduce gear noise and extend gear life. 

The technical article PA6-280 by Pielstick appears to 
disclose a main pinion, i.e. crank gear, resiliently connected 
to, and driven by, an engine crankshaft via a tuned elastomer 
type vibration damper. The main pinion is driven directly off 
the damper inertia ring. The damper appears to include 
Semi-cylindrical resilient members positioned between inner 
and Outer Shaft rings located at one end of the crankshaft. 
The damper functions both as a torsional vibration damping 
device and an isolator or absorber for minimizing the 
vibrations transmitted to the main pinion. However, by 
integrating the damping and isolating functions into a single 
Structure, this damper is incapable of adequately functioning 
as an isolator for protecting the main pinion and downstream 
gear train from torsional vibrations at all engine operating 
conditions. This rubber or elastomer type damper must be 
tuned to approximately the natural frequency of the crank 
shaft to permit the damper to dampen the relatively large 
torsional vibrations caused by resonance when the engine 
operates at or near the natural frequency. However, when the 
engine operates below the natural frequency, the damper will 
not sufficiently function to dampen vibrations but will 
undesirably transmit torsional vibrations to the main pinion 
and the timing gear train. Moreover, when the engine 
operates at approximately the natural frequency, the motion 
of the damper inertia ring Should actually amplify the 
crankshaft torsional vibrations. The torsional activity of the 
damper inertia ring is directly applied to the crank gear, 
adversely affecting engine operation, increasing gear Wear 
and gear noise, and possibly causing gear or shaft failure. 

U.S. Pat. No. 1,649,426 discloses a means for preventing 
the vibrations of the crankshaft from being imparted to a 
timing chain via a timing gear mounted on the crankshaft 
which includes an intermediate resilient torque transmitting 
material, i.e. rubber, positioned in the connection of timing 
gear to the crankshaft. The rubber material completely fills 
the Space provided between lugs extending outwardly from 
the crankshaft and inwardly extending lugs formed on the 
timing gear. This design also uses a friction plate to dampen 
Vibrations experienced by the timing gear by frictionally 
engaging the timing gear thus assisting in maintaining the 
proper timing and functioning of parts driven from the 
timing gear. However, the rubber material completely fills 
the Space between the timing gear and the crankshaft thus 
restricting the deformation of the rubber material. AS a 
result, use of rubber material having Sufficiently high resil 
iency characteristics necessary for providing Sufficient tor 
Sional vibration absorption would undesirably permit exces 
Sive relative movement between the crankshaft and timing 
gear resulting in unacceptable timing error while reducing 
the durable life of the material. On the other hand, use of a 
resilient material of Sufficient Stiffness to maintain timing 
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4 
error within acceptable limits would be incapable of 
adequately absorbing torsional vibrations. 

Consequently, there is a need for a simple yet effective 
crankshaft gear torsional vibration isolator assembly capable 
of effectively minimizing the transmission of torsional 
Vibrations to the engine's timing gear train throughout all 
engine operating conditions while maintaining the func 
tional timing relationship between the crankshaft and cam 
shaft. 

SUMMARY OF THE INVENTION 

It is an object of the invention, therefore, to overcome the 
disadvantages of the prior art and to provide a crankshaft 
gear torsional vibration isolator assembly for an engine 
capable of effectively and reliably minimizing torsional 
Vibrations transmitted from the crankshaft to the engine gear 
train throughout all engine operating conditions. 

It is another object of the present invention to provide a 
crankshaft gear torsional vibration isolator assembly which 
isolates the crank gear from torsional vibrations transmitted 
by the crankshaft. 

It is yet another object of the present invention to provide 
a crank gear torsional vibration isolator assembly which 
minimizes the noise generated from an engine gear train. 

It is a further object of the present invention to provide a 
crank gear torsional vibration isolator assembly which 
reduces the load on gears in an engine gear train and thus 
reduces the Size and costs of gears. 

It is a still further object of the present invention to 
provide an engine drive train including a crank gear tor 
Sional vibration isolator assembly which dampens torsional 
vibrations while also effectively minimizing the transmis 
Sion of torsional vibrations to the crank gear and down 
Stream gears throughout all engine operating frequencies. 

Still another object of the present invention is to provide 
an engine drive train including a torsional vibration isolator 
assembly which absorbs torsional vibrations transmitted 
from the crankshaft before reaching a crank gear thereby 
isolating the crank gear from the torsional vibrations while 
minimizing the relative rotation, and thus maintaining an 
optimum positional relationship between the crank gear and 
the crankshaft to ensure the proper timing of engine opera 
tions. 

Yet another object of the present invention is to provide an 
improved engine drive train which absorbs torsional vibra 
tions transmitted from the crankshaft before reaching a 
crank gear while effectively controlling gear rattle in the 
engine gear train connected to the crank gear thus minimiz 
ing gear noise and impact loads. 

These and other objects are achieved by providing a crank 
gear torsional vibration isolator assembly for damping tor 
Sional vibrations in an internal combustion engine including 
a crankshaft having a natural frequency and a crank gear 
connected to the crankshaft for transmitting a drive force to 
an associated engine gear train, comprising an isolator 
connector for resiliently connecting the crank gear to the 
crankshaft and absorbing torsional vibrations transmitted 
from the crankshaft So as to minimize the torsional vibra 
tions transmitted from the crankshaft to the crank gear and 
a non-linear Spring device for permitting a limited prede 
termined amount of relative rotational movement between 
the crankshaft and the crank gear while Substantially pre 
venting further relative rotational movement greater than 
Said limited predetermined amount of relative rotational 
movement to ensure accurate control of engine operations 
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by the associated engine gear train. The isolator may include 
a plurality of resilient elements capable of absorbing tor 
Sional vibrations when the engine is operating at a frequency 
below the natural frequency of the crankshaft. Also, the 
isolator may include an inner drive ring connected to the 
crankshaft and an outer drive ring positioned annularly 
around the inner drive ring. The inner drive ring and the 
outer drive ring may each include a plurality of radial 
projections forming a plurality of recesses between each 
radial projection for receiving respective radial projections 
from the other drive ring. The resilient elements may be 
positioned in a respective cavity formed by the recesses 
adjacent the radial projections. For example, each of the 
radial projections may include two radial Side Surfaces and 
one of the resilient elements may be positioned in continu 
ous abutment against each radial Side Surface. In this 
manner, each resilient element is positioned in compressive 
abutting relationship between the opposing radial side Sur 
faces of respective radial projections from the respective 
rings. Relative rotational movement of the driving ring and 
the driven ring may cause compression of the resilient 
elements which will change the characteristic dimensions of 
the resilient elements while maintaining the Volume of each 
element. The non-linear Spring device may include an 
expansion volume portion of at least one of the of cavities 
positioned adjacent the resilient element for permitting 
relative rotational movement between the driving and driven 
rings. The expansion Volume is of a predetermined Volume 
capable of being fully occupied by the expanded portion of 
a resilient element upon a predetermined limited amount of 
relative rotational movement between the driving and driven 
rings during operation of the engine, thereby Substantially 
preventing further relative rotational movement. The crank 
shaft may include a Second end opposite the first end and the 
crank gear may be positioned axially along the crankshaft 
between the damper and the Second end of the crankshaft. 
Also, the damper and the isolator may be positioned in a 
common plane transverse to a longitudinal axis of the 
crankshaft. In addition, the isolator may be positioned 
radially outwardly from the longitudinal axis of the crank 
shaft between the crank gear and the damper. The damper 
may be any type of damper appropriate for reducing the 
crankshaft torsional vibrations Such as a Viscous type 
damper or a rubber-type damper. The isolator may be 
capable of absorbing/isolating torsional vibrations of the 
crankshaft when the engine operates at and below approxi 
mately the natural frequency of the crankshaft So as to 
minimize the torsional vibrations transmitted from the 
crankshaft to the crank gear. The isolator assembly may 
include a damper connected to a first end of the crankshaft 
for damping torsional vibrations occurring at the natural 
frequency of the crankshaft as well as other frequencies. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a croSS-Sectional side view of the crankshaft gear 
torsional vibration isolator assembly of the present invention 
mounted on an engine crankshaft; 

FIG. 2 is a cross-sectional end view of the crankshaft gear 
torsional vibration isolator assembly taken along plane 2-2 
of FIG. 1 showing the isolator of the present invention; 

FIG. 3 is a graph showing the advantage of the present 
isolator assembly in decreasing torsional vibration experi 
enced in the engine drive train; 

FIG. 4 is a graph showing the noise reduction capability 
of the isolator assembly of the present assembly at various 
engine operating loads and injection timing Settings, 
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6 
FIG. 5 is a graph showing the relative torsional displace 

ment of the cam and crankshafts at various engine Speeds 
and the ability of the present isolator assembly to minimize 
relative rotation, and thus timing error, between the cam and 
crankshafts, 

FIG. 6 is a graph comparing the load-induced deflection 
of the non-linear Spring device of the present invention with 
a linear Spring; 

FIG. 7 is Schematic of an engine including the present 
engine drive train of the present invention in combination 
with an engine timing gear train having lash control devices, 
and 

FIG. 8 is a graph showing the engine noise reduction at 
various engine loads due to Scissors gears as compared to a 
bare engine having no lash control device. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1, the improved crankshaft gear tor 
Sional isolator assembly of the present invention indicated 
generally at 10 is designed to be mounted on one end of a 
crankshaft 12 of an engine (not shown). Crankshaft 12 
rotates to deliver a driving force to an engine gear train 14 
which in turn operates various engine components, Such as 
fuel injectors and cylinder valves critical to proper engine 
operation. Crankshaft 12 drives engine gear train 14 via a 
crankshaft, or crank, gear 16 mounted on the end of crank 
shaft 12. 

Crank gear torsional vibration isolator assembly 10 gen 
erally includes a crank gear isolator 20 for minimizing the 
transmission of torsional vibrations from crankshaft 12 to 
crank gear 16 and engine gear train 14. Although not 
necessary for Some types of engines, typically, the assembly 
10 will also include a torsional vibration damper 18 for 
effectively damping or minimizing the magnitude of tor 
Sional vibrations transmitted through crankshaft 12. 

Crank gear 16 is generally cylindrical in shape and 
extends over a crank nose 36 formed on the end of crank 
shaft 12. The inner end of crank gear 16 includes a plurality 
of gear teeth 38 extending radially from crank gear 16 
around its entire circumference. Gear teeth 38 of crank gear 
16 mesh with at least one driven gear 40 of gear train 14 and 
typically directly engages two or more driven gears for 
transferring a driving force to, for example, a camshaft, an 
idler gear and/or a fuel pump drive gear. Driven gear 40 may 
be a Scissors gear for removing lash in the gear train as 
discussed hereinbelow with respect to FIG. 7. An annular 
sleeve bearing 37 is positioned between the crank nose 36 
and the inner end of crank gear 16 opposite gear teeth 38 to 
provide a bearing Surface for relative movement between 
crank gear 16 and crankshaft 12. The cylindrical portion of 
crank gear 16 extends outwardly toward the end of crank 
shaft 12 through a gear housing wall 42. The outer end of 
crank gear 16 overlaps a torsional vibration damper mount 
ing adapter 44 designed to facilitate mounting of vibration 
damper 18 and isolator 20 on the end of crankshaft 12. 
Adapter 44 is connected to the end of crankshaft 12 via 
mounting bolts 24. 

Torsional vibration damper 18 may be any conventional 
Vibration damper capable of effectively limiting or damping 
torsional vibrations and thus limiting the StreSS on crankshaft 
12. The torsional vibrations occurring in crankshaft 12 result 
from the forces on the crankshaft driving System created by 
the periodic combustion events occurring in the engine 
cylinders and from the inertia of the reciprocating parts of 
the crankshaft and engine. At certain critical engine Speeds, 
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a harmonic of the operating frequency of the engine approxi 
mately corresponds to the natural frequency or crank reso 
nance of the crankshaft resulting in torsional vibrations of 
large amplitudes. Thus, torsional vibration damper 18 is 
Specifically designed to dampen torsional vibrations at the 
natural frequency of the crankshaft. Torsional vibration 
damper 18 may be of a Viscous type which includes a flange 
body 22 rigidly mounted to the end of crankshaft 12 by 
mounting bolts 24. Flange body 22 forms an annular cham 
ber 25 containing an inertial body 26 rotatably or resiliently 
mounted therein for movement relative to flange 22 during 
rotation of damper 18. A highly viscous fluid is positioned 
in chamber 25 in the gaps and interstices formed in and 
around inertial body 26. The relative movements which 
occur between the flange body and the inertial body result in 
high sheering forces in the interstices and thus produce the 
desired damping action. Alternatively, torsional vibration 
damper 18 may be of the tuned rubber-type damper of a 
conventional design capable of damping torsional vibrations 
at the natural frequency of crankshaft 12. Typically, rubber 
type damperS are specifically tuned or designed with a 
natural frequency approximately equal to the natural fre 
quency of the crankshaft. Also, torsional vibration damper 
18 may by a pendulum-type damper which converts poten 
tial energy into kinetic energy. In any embodiment, torsional 
vibration damper 18 functions to minimize or dampen the 
amplitude of the torsional vibrations occurring throughout 
engine operation and especially during crank resonance 
when a harmonic of the engine operating frequency 
approaches and equals the natural frequency of the crank 
shaft. 

Crank gear isolator 20 provides a resilient connection 
between crankshaft 12 and crank gear 16 for absorbing 
torsional vibrations transmitted from crankshaft 12 thereby 
isolating crank gear 16 and the remainder of gear train 14 
from the torsional vibrations. Referring to FIGS. 1 and 2 
crank gear isolator 20 includes an inner drive ring 28 
mounted on crank gear 16, an Outer drive ring 30 resiliently 
mounted on inner drive ring 28 and resilient elements 32 
providing the resilient connection between inner and outer 
drive rings 28 and 30. Inner drive ring 28 extends around, 
and is connected to, one end of crank gear 16 by an annular 
spline connection 34. Outer drive ring 30 is rigidly con 
nected to crank nose 36 via a drive plate 46 positioned 
between flange body 22 of damper 18 and adapter 44. 
Mounting bolts 24 extend through respective holes in drive 
plate 46 to Secure flange body 22, drive plate 46 and adapter 
44 on the end of crank nose 36. Outer drive ring 30 is 
connected to an outer circumferential portion of drive plate 
46 via a plurality of fasteners 48 which extend through 
apertures Spaced around the circumference of drive plate 46 
into complimentary apertures formed in outer drive ring 30. 

Inner drive ring 28 and outer drive ring 30 include 
respective radial projections or teeth 50 and 52, respectively. 
Radial projections 50 extend outwardly from drive ring 28 
and are evenly Spaced around the circumference of ring 28 
to form recesses 54 Separating radial projections 50. 
Likewise, outer drive ring 30 includes radial projections 52 
extending inwardly from the inner Surface of outer drive ring 
30 and are spaced evenly around the circumference of outer 
drive ring 30 So as to correspond to respective recesses 54. 
Also, radial projections 52 of outer drive ring 30 form 
recesses 56 similar to recess to 54 for receiving radial 
projections 50 of inner drive ring 28. Radial projections 50 
and 52 are sized smaller than respective recess 56, 54 so as 
to form a cavity in the recesses on both sides of radial 
projections 50, 52 for receiving resilient elements 32. 
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8 
Resilient elements 32 are generally rectangularly shaped 

and formed of a resilient elastomer material. The elastomer 
material used to form resilient elements 32 must possess 
enough resiliency to provide the necessary damping or 
absorbing qualities needed to isolate crank gear 16 from the 
torsional vibrations transmitted from crankshaft 12. 
However, the elastomer material must also be rigid enough 
to maintain the relative rotational position between crank 
shaft 12 and crank gear 16 So as to predictably and reliably 
operate other engine components in timed relationship to 
crankshaft rotation. Thus, with radial projections 50 of inner 
ring 28 engaging respective recesses 56 formed in outer 
drive ring 30, each resilient element 32 is pressed into a 
respective cavity 57 formed between radial projections 50 
and 52. 

Resilient elements 32 in combination with cavities 57 
form a non-linear Spring, or Stiffness, device, indicated 
generally at 55, which permits torsional vibration absorption 
while limiting the relative rotational movement between the 
crankshaft 12 and crank gear 16. Resilient elements 32 are 
sized smaller than cavity 57 to create an unfilled expansion 
volume or space 59 in each cavity when elements 32 are 
installed. Preferably, volume 59 includes a space positioned 
radially on both sides of resilient element 32 as shown in 
FIG. 2. During the operation, resilient elements 32 deform 
while both transmitting torque from outer drive ring 30 to 
inner ring 28 and absorbing torsional vibrations. When the 
deformation of resilient elements 32 is Sufficient to fill 
volume 59, the stiffness of elements 32 increases dramati 
cally thus preventing any further significant relative move 
ment between the outer drive ring 30 and inner ring 28 while 
Still providing torsional vibration damping. As a result, this 
feature limits the timing error between the crankshaft and 
the downstream camshaft due to the relative movement 
while permitting optimum absorption of Vibrations prior to 
filling volume 59. 

Several factors must be considered in designing the 
present isolator to achieve optimum torsional vibration 
damping while limiting the timing error. These factors 
include an amount of pre-compression applied to the ele 
ments 32 upon assembly in cavity 57; the amount of relative 
rotational movement permitted between the inner and outer 
rings before elements 32 fill cavity 57 (hereinafter referred 
to as "going Solid’); the static and dynamic Stiffness of the 
resilient material of elements 32; and the damping ability of 
the resilient material. Various combinations of these char 
acteristics may used to create an isolator capable of effec 
tively limiting the relative movement, and thus the timing 
error, between the crankshaft and the crank gear (and thus 
camshaft) while effectively isolating the crank gear from the 
crankshaft. However, in the preferred embodiment, the 
resilient elements are sized as follows: 9.4 mmx19.1 
mmx5.1 mm (heightxwidthxthickness). The static stiffness 
of elements is 5.0x10 in-1b/rad. Each cavity 57 is designed 
with a thickness dimension of 3.5 degrees. The resilient 
elements 32, having a thickness of 5.1 mm at an average 
radius of 75.6 mm, would occupy 3.9 degrees. AS a result, 
each resilient element 32 would be under 10% pre 
compression upon assembly. The Volume of the Space avail 
able for each rubber element is 3.5 degreesx20.4mm (length 
of cavity 57)x11.2 mm (width)=799.7 mm. The volume of 
each resilient element 32 is 3.9 degreesx9.4x19.1=689.28 
mm. Therefore, a resilient element under compression will 
expand to fill cavity 57 so as to go solid when the element 
is deformed by 14% in excess of the pre-compression 
causing 0.5 degrees movement between outer drive ring 30 
and inner ring 28. After permitting 0.5 degrees movement 
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and going Solid due to the Volume constraint, the Stiffness of 
the elements increases by, for example, a factor of 10 or 
higher preventing any further Significant compression of the 
elements. 

Therefore, this design provides accurate timing for the 
downstream camshaft by causing the elements to go Solid 
after a predetermined deformation to limit the movement 
between the crankshaft and crank gear. Thus, in the preferred 
embodiment, the maximum timing error for the engine with 
the present crank isolator is +/-0.5 degrees. FIG. 5 compares 
the crankshaft to camshaft timing error of an engine with and 
without the present isolator assembly. At the worst case 
condition, the isolator increases timing error by 0.5 degrees 
peak-to-peak or +/-0.25 degrees. This is well within the 
isolator design limit of +/-0.5 degrees. Also, Since the 
pre-compression of 10%, i.e. 0.35 degrees, is greater than 
the 0.25 degrees of motion experienced by the resilient 
elements, the resilient material, i.e. rubber, will not totally 
decompress thus maximizing the durability and long life of 
the rubber material. 

The non-linear spring device 55 of the present invention 
could be formed from other resilient devices such as 
Belleville washers, leaf Springs, coil Springs or any combi 
nation thereof as long as the particular device is specifically 
designed to permit an initial range of relative movement 
between the outer drive 30 and inner ring 28 while limiting 
the relative movement to a maximum predetermined 
amount. As shown in FIG. 6, the non-linear spring device 55 
permits increased deflection of resilient elements 32 in 
proportion to an increased load or torque applied either from 
the crankshaft or the crank gear. However, upon the appli 
cation of a predetermined level of torque corresponding to a 
maximum desired amount of deflection and thus relative 
rotational movement, resilient elements 32 go Solid thus 
preventing any further significant deflection. As a result, 
non-linear Spring device 55 ensures accurate control of 
downstream engine operations Such as fuel injection timing. 
In comparison, an isolating device having linear Spring 
characteristics would permit continued angular 
displacement/deflection causing unacceptable variations in 
the control of, for example, the accuracy of fuel injection 
timing. In the example of FIG. 6, the stiffness of the 
non-linear spring device 55 is 5x10 in-1b/rad during an 
initial deflection period which may be the same as a linear 
spring. However, when a load/torque of above 2.5x10 in-lb 
is applied, the Stiffness of non-linear Spring device 55 
increases to 5x10°in-1b/rad as resilient elements 32 go solid. 
This stiffness prevents further significant deflection and thus 
relative rotational movement whereas the linear Spring 
would continue to permit relative rotational movement at 
higher loads. 
An oil seal assembly 58 may be provided between gear 

housing wall 42 and isolator 20 to prevent oil from escaping 
the gear housing. Lubricating fluid may be provided via 
passages 60, 62 and 64 formed in crankshaft 12 and mount 
ing adapter 44 to provide lubricating fluid to Sleeve bearing 
37. Lubricating fluid may also be directed to crank gear 16 
and thus may escape the gear housing via the clearances 
between crank gear 16 and gear housing wall 42. Oil Seal 
assembly 58, along with o-rings 66, prevents such oil 
leakage. Oil seal assembly 58 includes a seal cover 68 
connected to outer drive ring 30 via fasteners 48 and a seal 
carrier 70 Secured to gear housing wall 42 and extending 
outwardly therefrom. An annular oil seal 72 is mounted on 
Seal carrier 70 and contacts the outer Surface of Seal cover 68 
to form an annular Seal. A thrust ring 74 is positioned 
between cover 68 and carrier 70 and secured to crank gear 
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16 by a snap ring 76. Thrust ring 74 assists in preventing 
axial movement of crank gear 16 along crank nose 36. 

During operation, as crankshaft 12 rotates, torsional 
Vibrations are created by the periodic forces on the crank 
shaft and the inertia of the drive train components. These 
torsional vibrations occur at varying degrees at all engine 
Speeds and are amplified when the engine operates at a 
frequency corresponding to the natural frequency, or crank 
resonance, of the crankshaft. Torsional vibration damper 18 
functions to dampen the torsional vibrations transmitted 
through the crankshaft 12 especially during those periods 
when the engine is operating at the natural frequency of the 
crankshaft thus preventing amplification of the torsional 
vibrations. Without such damping, crankshaft 12 would be 
Subject to unnecessarily high torsional vibration, greatly 
increasing the StreSS on the crankshaft and crankshaft bear 
ings possibly resulting in crankshaft failure. Thus, torsional 
Vibration damper 18 Serves an important function in damp 
ing torsional vibrations transmitted from the crankshaft. 
Simultaneously, crank gear isolator 20 absorbs torsional 
vibrations transmitted from the crankshaft thereby prevent 
ing transmission of the vibrations through crank gear 16 into 
the downstream gear train of the engine. AS the crankshaft 
rotates, drive plate 46 and outer drive ring 30 correspond 
ingly rotate to rotatably drive crank gear 16. AS outer drive 
ring 30 vibrates due to torsional vibrations transmitted by 
crankshaft 12, resilient elements 32 will be correspondingly 
compressed and decompressed permitting slight relative 
movement between outer drive ring 30 and inner drive ring 
28 resulting in a cushioning or energy absorbing effect 
which minimizes the quantity and magnitude of torsional 
vibrations transmitted to inner drive ring 28 and thus crank 
gear 16 and engine gear train 14. 

Thus, the crank gear torsional vibration isolator of the 
present invention results in Several important distinct advan 
tages. First, when used in combination with a separate 
torsional vibration damper, the present invention permits the 
torsional damper to be specifically designed to optimally 
dampen torsional vibrations at the natural frequency of the 
crankshaft while also permitting isolator 20 to optimally 
isolate crank gear 16 from the torsional vibrations. Prior art 
assemblies which integrate the vibration damper and isolator 
into one rubber type damper for both damping torsional 
Vibrations at the natural frequency at the crankshaft while 
attempting to provide a resilient connection between the 
crankshaft and crank gear, disadvantageously transmit the 
torsional vibrations through the crank gear at frequencies 
less than the natural frequency of the crankshaft and may 
even amplify the torsional vibrations during operation at the 
crankshaft natural frequency. Thus, the isolator assembly of 
the present invention, when used in combination a torsional 
damper, permits optimal crank gear isolating, at all operating 
frequencies of the engine independently of torsional vibra 
tion damping. Second, by minimizing the torsional vibra 
tions transmitted to the crank gear, the present isolator 
assembly 10 reduces vibration induced gear noise. Third, by 
reducing the torsional vibrations experienced in the engine 
gear train, the present invention reduces the loads placed on 
the gears thus reducing gear wear thereby extending the life 
of the gears. Also, Since the load on the gears is significantly 
reduced, the present invention permits the use of narrower 
gears resulting in reduced engine costs. Fourth, by position 
ing the isolator of the present invention between the crank 
shaft and crank gear, the present invention effectively damp 
ens torsional vibrations to the entire engine drive train thus 
reducing gear noise and load throughout the entire gear train. 
Fifth, by Selecting a resilient material with Specific func 
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tional characteristics and designing cavity 57 with a par 
ticular size relative to the size of resilient element 32, the 
present isolator permits optimal torsional vibration absorp 
tion while minimizing the timing error by limiting the 
relative rotational movement of the crank gear and crank 
shaft. 

The advantages of the present assembly in minimizing 
torsional vibrations in the engine drive train is illustrated in 
FIG. 3 which compares the torsional vibration acceleration 
experienced in a camshaft of a drive train having the present 
isolator assembly including a damper, with torsional vibra 
tion acceleration experienced in a camshaft of a drive train 
without the present isolator. As shown in FIG. 3, the present 
isolator assembly Significantly reduces the torsional vibra 
tions in the camshaft at all engine Speeds, and especially at 
approximately 1700-1800 rpm. Torsional vibrations typi 
cally increase with engine Speed and load. The torsional 
Vibrations in the engine without the present assembly are the 
greatest at 1700-1800 rpm when both the speed and load are 
high. Thus, the maximum torsional vibration reduction by 
the present isolator assembly, for the particular engine 
tested, occurs around 1700-1800 rpm. 

FIG. 4 illustrates the noise reduction capability of the 
present isolator assembly at various engine operating loads 
and injection timing Settings. This data was obtained by 
comparing the noise levels of an engine without the isolator 
of the present assembly to an engine having the present 
isolator. FIG. 4 shows the average noise reduction resulting 
from noise levels detected one meter from the engine at 
Several locations around the engine. The isolator assembly 
of the present invention, and Specifically isolator 20, 
achieves up to 3 dB noise reduction at full load, and about 
1.5 dB reduction at half load. Thus, the present assembly 
provides a significant Sound quality improvement under load 
and a modest improvement under no load conditions. 

Referring now to FIG. 7, the improved crankshaft gear 
torsional isolator assembly of the present invention can be 
combined with one or more lash control devices 90, 92 
positioned along the engine timing gear train Serving an 
engine 102 to create an improved engine drive train which 
effectively minimizes torsional vibrations transmitted from 
the crankshaft to the engine gear train throughout all engine 
operating conditions while also controlling gear train noise 
at low load/low speed conditions. Crank gear 16 is resil 
iently mounted on crankshaft 12 using the crankshaft gear 
torsional isolator assembly of the present invention as dis 
cussed hereinabove with respect to FIGS. 1 and 2. 
At low speed/low load conditions, the crankshaft rigid 

body motion, resulting from torsional vibrations induced by 
engine cylinder firings, causes the gears in the engine drive 
train to move relative to one another, i.e. backlash, resulting 
in a rattling noise and possibly high impact loads on the gear 
teeth. Lash control devices 90, 92 may be any conventional 
lash control gear arrangement, Such as Scissor gears, wherein 
two half gears 94, 96 are coaxially mounted and circumfer 
entially Spring-loaded creating a biasing or preloading effect 
in order to remove lash in the mesh between the gears. Lash 
control device 90 is positioned in meshing relationship 
between crank gear 16 and an intermediary gear 95 while 
lash control device 92 is positioned in meshing relationship 
between intermediary gear 95 and a cam gear 97 mounted on 
a camshaft 99 positioned to drive engine components, Such 
as Valves and injectors, in timed relationship relative to the 
rotation of crankshaft 12. 

By positioning the lash control devices 90, 92 in the 
timing gear train as shown in FIG. 7, lash can be removed 
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in the entire timing gear train creating an improved engine 
drive train. The crankshaft gear torsional isolator assembly 
10 and lash control devices 90, 92 function synergistically to 
optimally minimize gear noise. AS shown in FIG. 8, lash 
control devices 90, 92 result in a significant reduction in 
engine noise at all load conditions, and especially at low 
engine Speeds, compared to a bare timing gear train without 
any lash control. More importantly, when the lash control 
devices 90, 92 are combined with the engine drive train of 
the present invention, optimum noise reduction is achieved 
at both high and low engine Speeds. Also, by reducing the 
torsional vibrations transferred from the crankshaft to the 
timing gear train, the engine drive train of the present 
invention advantageously reduces the torque, or preload, 
required in the lash control devices, thereby increasing the 
reliability and durability of the lash control devices. The 
timing gear train may also be provided with one or more 
torsional vibration damper 98, 100 for damping the torsional 
Vibrations in the timing gear train to provide further reduc 
tions in gear noise. 

INDUSTRIAL APPLICABILITY 

The crank gear torsional vibration isolator assembly of the 
present invention may be used on any engine having a 
crankshaft and crank gear for driving an engine gear train 
asSociated with any vehicle or industrial equipment where 
effective damping of torsional vibrations and reductions in 
gear noise and gear impact load are desired. 
We claim: 
1. A crankshaft gear torsional vibration isolator assembly 

for dampening torsional vibrations in an internal combustion 
engine including a crank Shaft and a crank gear connected to 
the crankshaft for transmitting a drive force to an associated 
engine gear train, comprising: 

a driving ring for connection to the crank Shaft, the 
driving ring including a plurality of radial recesses and 
projections, 

a driven ring for connection with the crank gear, the 
driven ring being positioned annularly within the driv 
ing ring, the driven ring including a plurality of radial 
recesses and projections, each receSS of the driven ring 
being positioned for accepting a radial projection of the 
driving ring and forming a plurality of cavities, each 
radial projection of the driven ring being positioned for 
acceptance by a receSS of the driving ring forming a 
plurality of cavities, 

resilient elements torsionally connecting the driving and 
driven rings, one of the resilient elements being posi 
tioned in each cavity, each resilient element having two 
radial Side Surfaces positioned in continuous abutting 
contact against a radial side Surface of one of the radial 
projections of the driven or driving ring and against a 
radial Side Surface of the other driven or driving ring 
recesses, each resilient member having circumferential 
thickness less than one-half of the circumferential 
thickness of the driving ring radial projections or the 
driven ring radial projections, each of the resilient 
elements being prestressed circumferentially at least 
ten percent, each resilient member being positioned 
within the cavity such that there is a radially inward and 
radially outward expansion Volume portions of the 
cavity, the Volume portions circumferentially travers 
ing the cavity and wherein the resilient elements act as 
nonlinear Springs for permitting a limited predeter 
mined amount of relative rotational movement between 
the crank Shaft and the crank gear while Substantially 
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preventing further relative rotational movement greater 
than the limited predetermined amount of relative rota 
tional movement to ensure accurate control of an 
engine operation by the associated engine gear train, 
and wherein relative rotational movement of the driv 
ing ring and the driven ring causes compression of at 
least one of the plurality of the resilient elements to 
form expanded portions of the resilient element 
whereby the radially inward and radially outward 
expansion volumes have a predetermined Volume 
capable of being fully occupied by the expanded por 
tions of the resilient element upon the predetermined 
limited amount of relative rotational movement 
between the driving and driven rings during operation 
of the engine thereby Substantially preventing further 
relative rotational movement. 

2. The crankshaft gear torsional vibration isolator assem 
bly of claim 1, wherein said resilient elements deform to 
fully occupy Said expansion Volume portion upon approxi 
mately 0.5 degrees relative movement between Said driving 
ring and Said driven ring. 

3. An engine drive train including a crankshaft gear 
torsional vibration isolator assembly for damping torsional 
Vibrations in an internal combustion engine, comprising: 

a crankshaft mounted for rotation and having a natural 
resonant frequency; 

a crank gear connected to the crankshaft for transmitting 
a drive force to an associated engine gear train, Said 
engine gear train including a camshaft for operating 
engine components in timed relationship to the rotation 
of Said crankshaft, a cam gear mounted on Said cam 
shaft and an intermediary gear for transferring the drive 
force from Said crank gear to Said cam gear, further 
including a lash controller positioned along the engine 
gear train for minimizing the lash between Said inter 
mediary gear and Said crank and cam gears, Said lash 
controller including a first Set of Scissors gears posi 
tioned in meshing relationship between said crank gear 
and Said intermediary gear and a Second Set of Scissors 
gears positioned in meshing relationship between Said 
intermediary gear and Said cam gear; 

a damper connected to a first end of Said crankshaft for 
damping torsional vibrations transmitted by Said 
crankshaft, Said damper capable of damping torsional 
Vibrations occurring at Said natural resonant frequency 
of Said crankshaft; and 

an isolator for resiliently connecting Said crank gear to 
Said crankshaft, Said isolator capable of absorbing 
torsional vibrations transmitted from Said crankshaft 
when the engine operates at approximately Said natural 
resonant frequency of Said crankshaft So as to minimize 
the torsional vibrations transmitted from Said crank 
shaft to Said crank gear. 

4. An engine drive train including a crankshaft gear 
torsional vibration isolator assembly for damping torsional 
Vibrations in an internal combustion engine, comprising: 

a crankshaft mounted for rotation and having a natural 
resonant frequency; 

a crank gear connected to the crankshaft for transmitting 
a drive force to an associated engine gear train, 

a damper connected to a first end of the crankshaft for 
damping torsional vibrations transmitted by Said 
crankshaft, the damper capable of damping torsional 
Vibrations occurring at the natural resonant frequency 
of the crankshaft; and 

an isolator for resiliently connecting the crank gear to the 
crankshaft, the isolator capable of absorbing torsional 
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14 
vibrations transmitted from the crankshaft when the 
engine operates at approximately the natural resonant 
frequency of the crankshaft So as to minimize the 
torsional vibrations transmitted from the crankshaft to 
the crank gear; 
a driving ring for connection to the crankshaft, the 

driving ring including a plurality of radial recesses 
and projections, 

a driven ring for connection with the crank gear, the 
driven ring being positioned annularly within the 
driving ring, the driven ring including a plurality of 
radial recesses and projections, each receSS of the 
driven ring being positioned for accepting a radial 
projection of the driving ring and forming a plurality 
of cavities, each radial projection of the driven ring 
being positioned for acceptance by a receSS of the 
driving ring forming a plurality of cavities, 

Spring means in the form of resilient elements torsion 
ally connecting the driving and driven rings, one of 
the resilient elements being positioned in each 
cavity, each resilient element having two radial Side 
Surfaces positioned in continuous abutting contact 
against a radial side Surface of one of the radial 
projections of the driven or driving ring and against 
a radial Side Surface of the other driven or driving 
ring recesses, each resilient member having circum 
ferential thickness less than one-half of the circum 
ferential thickness of the driving ring radial projec 
tions or the driven ring radial projections, each of the 
resilient elements being prestressed circumferen 
tially at least ten percent, each resilient member 
being positioned within the cavity Such that there is 
a radially inward and radially outward expansion 
Volume portions of the cavity, the Volume portions 
circumferentially traversing the cavity and wherein 
the resilient rotational movement between the crank 
shaft and the crank gear while Substantially prevent 
ing further relative rotational movement greater than 
the limited predetermined amount of relative rota 
tional movement to ensure accurate control of an 
engine operation by the associated engine gear train, 
and wherein relative rotational movement of the 
driving ring and the driven ring causes compression 
of at least one of the plurality of the resilient ele 
ments to form expanded portions of the resilient 
element whereby the radially inward and radially 
outward expansion Volumes have a predetermined 
Volume capable of being fully occupied by the 
expanded portions of the resilient element upon the 
predetermined limited amount of relative rotational 
movement between the driving and driven rings 
during operation of the engine thereby Substantially 
preventing further relative rotational movement. 

5. The engine drive train of claim 4, wherein said isolator 
is capable of absorbing torsional vibrations when the engine 
is operating at a frequency below said natural resonant 
frequency of Said crankshaft. 

6. The engine drive train of claim 4, wherein Said damper 
is a Viscous type damper. 

7. The engine drive train of claim 4, wherein Said Spring 
means is non-linear. 

8. The engine drive train of claim 4, wherein the engine 
gear train driven by Said crank gear includes a camshaft for 
operating engine components in timed relationship to the 
rotation of Said crankshaft, a cam gear mounted on Said 
camshaft and an intermediary gear for transferring the drive 
force from Said crank gear to Said cam gear, further includ 
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ing a lash control means positioned along the engine gear 
train for minimizing the lash between Said intermediary gear 
and Said crank and cam gears. 

9. The engine drive train of claim 8, wherein said lash 
control means includes a first Set of Scissors gears positioned 
in meshing relationship between Said crank gear and Said 
intermediary gear and a Second Set of Scissors gears posi 
tioned in meshing relationship between Said intermediary 
gear and Said cam gear. 

10. The engine drive train of claim 4, wherein said 
crankshaft includes a Second end opposite Said first end and 

16 
Said crank gear is positioned axially along Said crankshaft 
between said damper and Said Second end of the crankshaft. 

11. The engine drive train of claim 10, wherein said 
damper and Said isolator are positioned in a common plane 
transverse to a longitudinal axis of Said crankshaft. 

12. The engine drive train of claim 11, wherein said 
isolator is positioned radially from Said longitudinal axis of 
Said crankshaft between said crank gear and Said damper. 


